INTRODUCTION
It is likely that the use of biomarkers will become one of the most important genetic tools available to the clinician. With the increased understanding of the molecular basis of carcinogenesis has come a realization that surrogate markers can be used to enable the physicians to estimate cancer risk, detect cancers at microscopic dimensions, determine the most appropriate therapies for gastrointestinal (GI) cancers, and monitor the effectiveness of those therapies. All of these applications are being investigated in various forms in several different GI cancers. Driving this biomarker discovery is a host of new technologies that can delve into the proteonomics, kinenomics, genomics, and other "omics" to discern exactly what a cancer truly is made from. The proliferation of microarrays and platforms that allow the scientists to scan thousands of proteins, genes, or virtually any molecule, simultaneously allows a more precise view of the neoplasms than ever hoped for previously. These technologies can also be performed in days or weeks and are increasing in speed as fast as the microchips that power our personal computers. It is likely that within a decade, each patient's genome will be sequenced so that precise information can be obtained.
Like any new technology, one has to first determine if the older technology really no longer functions adequately. The current "markers" of GI neoplasms are all based on structural information regarding the tumor. The diagnosis of a tumor requires structural imaging to determine the location and dimensions of the tumor. Histology must be obtained, whose interpretation depends on the criteria developed over a hundred years ago based on the size and shape of the cells, their nuclei, their organization, and their invasion of the surrounding tissue. This is, of course, a nonobjective interpretation, with the only quantification being the "grade" of the tumor that in many GI tumors has no real relationship to the tumor behavior. The tumor size in cancers such as those of the pancreas has a prognostic significance, but in others, like those of the esophagus or colon, it does not have much clinical usefulness.
By definition, an ideal biomarker is a characteristic or a factor that could be evaluated or measured and that could help in the initial risk assessment and the subsequent management of a certain patient. Biomarkers could be the indicators of normal biologic processes, pathologic processes, or pharmacologic responses to therapeutic interventions (1) (Figure 1 ). The prevalence of an ideal biomarker should be low in precancerous lesions and should go up in early cancer stages like dysplasia. This is the rationale for the use of several of the known genetic pathways in the pathogenesis of cancer as candidate biomarkers. The discovery and validation of biomarkers prior to clinical use is not an easy task. The National Cancer Institute recommends five phases to facilitate this process (2): a preclinical exploratory phase, a clinical assay phase, a retrospective longitudinal phase, a prospective screening phase, and a cancer control phase. The detailed discussion of these phases is beyond the scope of this review.
GENES AND GENETIC INSTABILITY
There are several classes of genes involved in carcinogenesis. Tumor suppressor genes (TSG) are present in all cells and help to regulate the cell cycle. They are often involved in regulating the cell growth and in determining when damaged cells are beyond repair and should degenerate through a process known as apoptosis. These genes promote carcinogenesis when inactivated. An example of that would be the p53 and the RB (retinoblastoma) genes. Proto-oncogenes, on the other hand, promote cellular proliferation and become oncogenes when mutated. K-ras is the best example of an oncogene in the GI tract. In general, oncogenes act dominantly, so a single mutated copy will drive the cell growth. Other classes of genes include the "housekeeping genes" or DNA repair genes. All of these genes interact with a variety of other genes and are usually the effectors of cell change when they receive the proper signals. The signaling pathways usually involve the means by which an external stress is translated by the receptors into phosphate kinases or phosphorylases. These can permit the cell signals to activate other genes or can silence the signal by inactivating the protein.
Below is a summary of the main diagnostic and predictive biomarkers in different GI cancers (Table 1 ). 
COLON ADENOCARCINOMA
The molecular basis of colorectal cancer (CRC) has undergone many refinements since its introduction by Vogelstein in 1990 (3). As genetic changes are fundamental to the neoplastic process in colon cancer, a molecular biomarker approach for screening seems very attractive. Commonly inherited CRC (APC [adenomatosis polyposis coli], hereditary nonpolyposis colorectal cancer [HNPCC]) (hereditary non-polyposis colon cancer) are thought to result from the germline mutations, whereas sporadic CRC are thought to result from the accumulation of multiple somatic mutations. The adenoma-carcinoma sequence in colon cancer has been extensively studied. It describes the common pathway taken by the neoplasms that arise as a result of the progressive accumulation of genetic changes. Mutation of the APC gene, which is common to both inherited and sporadic CRCs, happens early, whereas P53 mutations happen late in the process. Ras mutations are found in up to 50% of sporadic CRCs, and 50% of colonic adenomas larger than 1 cm (4). Familial adnenomatous polyposis (FAP) is a dominantly inherited syndrome caused by a germline mutation in the APC gene. Clinically, it is characterized by the development of hundreds of thousands of polyps by the second or third decade of life. Nearly all patients will develop cancer before the fifth decade. Patients with FAP are at an increased risk of small intestinal tumors and adenomas, particularly the duodenal periampullary adenomas. The other familial colon cancer syndrome that has been well studied is the Lynch syndrome or HNPCC, which is also transmitted as an autosomal-dominant disorder. Clinically, Lynch syndrome is characterized by early-onset right-sided colon cancer as well as extracolonic tumors. A mutation in any of the four mismatch repair (MMR) genes (MSH2, MLH1, MSH6, and PMS2) is the cause of Lynch syndrome. Microsatellite instability (MSI) is useful in patients thought to have Lynch syndrome (based on published criteria) as most of these patients will have MSI in their tumors (5) . Tumors with MSI tend to occur in the proximal colon, have a greater mucinous component, and are more often poorly differentiated. MSI is a good predictor of the lack of response to 5-FU (5-fluorouracil) treatment because patients with MSI cancers have a worse response to chemotherapy than others. A marker of poor prognosis in CRC is the loss of 18q (long arm of chromosome 18) (6); however, this has not been translated into clinical application yet. The methylation of TSGs has been described in CRCs including P16, APC, and many others. But again, this could be physiologic, and it is hard to translate this into clinical practice. Although the evolution of CRC seems to stem from the loss of function of the APC gene, many other genetic and epigenetic instabilities are strongly involved. In addition, other factors such as viruses could also contribute to the adenoma-carcinoma sequence. The JC (Jakob Creutzfeldt) virus (human polyomavirus) has been implicated in the induction of chromosomal instability (CIN) and has been found in nearly 90% of CRC (7). It is worth noting that some phenotypic appearances in CRC and colon polyps are closely linked to genetic instability and certain biomarkers. For example, raised or pedunculated polyps are more likely to have mutations in the K-ras gene (8) . Subtle alterations in the regular pattern of the intestinal crypts are one of the first histologically detectable changes. These are called "aberrant crypt foci" (ACF) and may be associated with the development of CRC. Magnifying endoscopy is showing some promises in the early detection of ACF (9) . Several trials looked at the usefulness of fecal biomarkers in CRC (10) . Ideally, this would be a noninvasive, sensitive, and cost-effective approach to CRC screening. To date, the performance of such tests has been limited. A panel of DNA markers failed to identify the majority of neoplastic lesions identified by colonoscopy and had a false-positive rate of 5-6% (10). When compared to hemoccult testing, however, multitargeted fecal DNA testing detected a higher proportion of important lesions (10).
ESOPHAGEAL ADENOCARCINOMA
Although Barrett's esophagus is a strong risk factor for esophageal adenocarcinoma, only a minority of patients with adenocarcinoma of the esophagus have an antecedent diagnosis of Barrett's metaplasia (11) . Biomarkers are extremely important in esophageal carcinoma, in general, and in Barrett's esophagus, in particular, given the controversies about the diagnosis of "dysplasia." The molecular features of esophageal adenocarcinoma are less characterized than those of colon cancer. The adenoma-carcinoma sequence is different in both cancers, although many of the involved genes are the same. It is still not clear whether invasive esophageal carcinoma arise from a single clone of cells or from multiple oligoclonal lesions (12) .
Different biomarkers have been looked at in esophageal adenocarcinoma. Dysplasia, on histology, in Barrett's esophagus seems to be one of the most commonly used biomarkers to predict adenocarcinoma. There are new advances in molecular diagnostic techniques like "fluorescent in situ hybridization" (FISH), polymorphism analysis, and cytogenetics; however, these techniques have not been established in the clinical setting.
There is evidence that cell proliferation is one of the earliest steps in the development of esophageal cancer in Barrett's esophagus (13) . This is evidenced by an increase in metabolic labeling as well as immunohistochemistry showing an increase in Ki-67, a nuclear antigen expressed only during the proliferating phase of the cell cycle (14) . Interestingly, the proliferation diminishes when dysplasia regresses. The P53 gene and the RB gene are essential TSGs that govern this control. As everyone normally has a copy of a gene from each parent, we are heterozygotes with two copies of each gene. The loss of heterozygosity (LOH) means having a loss of one or both copies of a gene from its original chromosome that is associated with gene inactivation. Alternatively, TSGs could be suppressed by other factors. For example, the P16 gene inhibits and inactivates the RB protein, and the murine double minute clone 2 protein (Mdm2) downregulates the level of P53. P53 gene mutation is also found in 85-89% in esophageal adenocarcinoma (15) and increases with higher degrees of dysplasia in Barrett's esophagus (16) . Although P16 gene mutations are less frequent, there is a high prevalence of hypermethylation in the promoter region of P16 in patients with dysplasia or adenocarcinoma of the esophagus, which also leads to loss of gene transcription and function (17) . Other biomarkers that have been studied include protooncogenes like cyclin D1 as well as structural chromosomal abnormalities and aneuploidy. Aneuploidy and tetraploidy are found more frequently with increasing degrees of dysplasia (18) . The loss of the Y chromosome is seen in up to 90% of the patients with esophageal adenocarcinoma (19) . An aberrant or reduced expression of adhesion molecules like β-catenin, E-cadherin, and α-catenin has also been described. Advances in chemoprevention research, similar to those done in selective COX-2 inhibitors, will also help unravel new biomarkers. These would hopefully be detected early in the carcinoma sequence and would be easier to be detected by endoscopic biopsies than dysplasia, which could be patchy.
PANCREATIC CANCER
Because pancreatic cancer rarely presents at an early stage, investigators have tried hard to find accurate biomarkers that would help in detecting early stages of this deadly cancer. The current standard serum marker CA19-9 is used mainly to monitor the responses to therapy, and not as a diagnostic marker (20) . Given that CA19-9 is a sialylated Lewis blood group antigen, its use is limited by the false-negative results in 5-10% of the populations that do not express the Lewis antigens. Furthermore, CA19-9 cannot always differentiate between benign and malignant pancreatic diseases. Pancreatic juice CEA and CA19-9 are also commonly used in the evaluation of pancreatic cystic neoplasms, but there is no consensus on the diagnostic accuracy of these and many clinicians do not rely solely on them. Many other pancreatic serum biomarkers have been investigated like macrophage inhibitory cytokine 1 (MIC-1); however, none proved to be of great clinical or diagnostic utility (21) . Some pancreatic juice genetic and epigenetic markers that have been looked at include K-ras, P53, and P16 mutations, mitochondrial DNA mutations, and DNA hypermethylation.
Mitochondrial mutations are common in pancreatic cancer, and preliminary results of the use of these as biomarkers of pancreatic cancer in pancreatic juice and urine needs further confirmation (22) . Another promising diagnostic strategy that will require further investigation is the detection of aberrant gene methylation like P16, cyclin D2, TSLC1, SPARC, and others in the pancreatic juice (23) .
K-ras is probably the only biomarker that has been most extensively studied in pancreatic cancer. K-ras is readily detected using molecular assays, and mutations in this gene are present in the majority of ductal adenocarcinoma. In fact, it is thought that pancreatic cancers evolve through the sequential appearance of intraepithelial neoplastic lesions (PanINs), which appear to be mediated by the sequential appearance of K-ras mutations, inactivation of P16, followed by inactivation of P53 genes and genes on chromosome 18q called the DPC genes (deleted in pancreatic cancer) (24) . Unfortunately, Kras mutations are not specific for invasive pancreatic cancer and could be found in patients with chronic pancreatitis, in smokers, and in patients with PanINs (25) .
GASTRIC CANCER
Gastric cancer is the second most frequent cause of cancer mortality in the world. As most cases of gastric cancer arise in the setting of inflammation and Helicobacter pylori (H. pylori), most biomarker research for this cancer focused on the evaluation of gastritis for cancer prevention and screening. Many factors are involved in the inflammation and cancer process (cagA, vacA, babA2, cytokine genes like IL-1) (26) . More recently, serum levels of pepsinogen I and II (PGI/II), IgG H. pylori antibodies, and antiparietal cell antibodies (APCA) have been looked at as potential useful biomarkers (27) . To date, however, there is still no clinically useful biomarker for the early detection of gastric cancer. Further studies are warranted to validate the existing markers and discover new ones for early gastric cancer diagnosis.
SUMMARY
We have summarized the characteristics of the clinically useful or potentially useful biomarkers in a number of GI cancers. This field is growing, and the predictive and diagnostic value of the biomarkers as a measure of carcinogenesis is still in evolution. It is essential for the clinician to have an understanding of the basic molecular biology behind GI cancers because, in the future, many clinicians will be routinely ordering biomarker testing as part of patient screening. The biomarkers in GI cancers are useful not only for screening, diagnosis, and prognosis but also for prediction of the response to mechanism-based interventions, such as chemoprevention. Ongoing assessment of these diagnostic and predictive factors will probably lead to a change in the current staging of many GI cancers.
